1. Introduction {#sec1}
===============

The innate immune system acts as an immunosurveillance keeper that discriminates among healthy host tissue, cellular debris, apoptotic cells, chromatin-modifiers, and transcription factors, mediating detection of infectious agents and instructing the adaptive immune response; the discovery and recent characterization of danger-sensing molecules of the innate immunity have revealed that immunologic homeostasis relies on a complex and highly integrated system of cells, complement, and defense factors with complementary specificity and action \[[@B1]\]. Systemic autoinflammatory diseases (SAIDs) are a growing cluster of heterogeneous disorders, characterized by apparently inexplicable recurrence of multiorgan inflammation in the absence of autoreactive T-lymphocytes and autoantibodies, involving the innate immune system; all these diseases are caused by a lack of regulation in the inflammasome, a large intracellular multiprotein platform, that plays a crucial role in innate immunity, leading to overproduction of proinflammatory cytokines, such as interleukin (IL)-1*β* and tumor necrosis factor (TNF)-*α*, and to a pathological delay in the turning off of inflammatory responses \[[@B2]\]. A brief summary of SAIDs described in this review can be found in [Table 1](#tab1){ref-type="table"}.

2. Hereditary Periodic Fever Syndromes {#sec2}
======================================

The main subgroup of SAIDs includes different hereditary periodic fever syndromes (HPFs), sharing a common clinical background characterized by recurrent fever attacks and inflammation involving different sites, such as skin, serosal membranes, joints, gastrointestinal tube, or central nervous system. AA amyloidosis is their most serious long-term complication, with an overall prevalence ranging from 2 to 25% of cases \[[@B3]\]. HPFs include familial Mediterranean fever, associated with homozygosity or compound heterozygosity in the*MEFV* gene located on chromosome 16p13.3, encoding a 781-amino acid length protein, named pyrin (also known as marenostrin), which is mainly expressed in polymorphonuclear cells and monocytes; mevalonate kinase deficiency syndrome, also known as hyperimmunoglobulinemia-D syndrome, caused by homozygosity or compound heterozygosity for disease-causing mutations in the*MVK* gene, which has been localized to chromosome 12q24 and encodes for mevalonate kinase, a cytosolic enzyme involved in the cholesterol and isoprenoid biosynthesis pathway; TNF receptor-associated periodic syndrome, related to mutations in the soluble TNF receptor superfamily member 1A gene on chromosome 12p13; and finally the family of cryopyrin-associated periodic syndrome, which in turn includes familial cold urticaria syndrome (FCAS), Muckle-Wells syndrome (MWS) and chronic infantile neurological cutaneous and articular syndrome (CINCAs), all caused by mutations in the*NLRP3* gene, located on chromosome 1, which encodes for the cryopyrin protein \[[@B2], [@B4]\]. Familial Mediterranean fever and mevalonate kinase deficiency syndrome are transmitted by autosomal recessive inheritance, while inheritance is autosomal dominant for TNF receptor-associated periodic syndrome and cryopyrin-associated periodic syndrome. Generally speaking, genes associated with HPFs encode proteins involved in the regulation, activation, and/or deactivation of the inflammatory response, and disease flares usually alternate with symptom-free intervals of variable duration, characterized by entire wellbeing and complete normalization of acute phase reactants \[[@B4]\]. Clues useful for differential diagnosis of HPFs are listed in the [Table 2](#tab2){ref-type="table"}.

*Familial Mediterranean fever* (FMF) is paradigmatic among HPFs and is characterized by recurrent acute fever episodes lasting from 1 to 3 days, in its most classic phenotype, arthritis, erysipelas-like erythema, and polyserositis presenting with abdominal and/or thoracic pain \[[@B5]\]. An inflammation of the testicular tunica vaginalis may also occur \[[@B6]\]. Muscular and skeletal involvement is frequent, often as recurrent simple myalgia or arthralgia, while approximately 30% of FMF patients complain of arthritides, especially affecting large joints, which are rarely erosive but may even persist for several days after fever resolution \[[@B7], [@B8]\]. More than 60% of patients have a disease onset before age 10 and 98% before age 30 \[[@B9], [@B10]\]. FMF is common in populations of Mediterranean ancestry and has traditionally been considered an autosomal-recessive disease, caused by mutations in the*MEFV* gene. Among almost 300 mutations discovered in the*MEFV* gene so far, five mutations (M694V, V726A, M680I, M694I, and E148Q) are the most frequent in the classically affected populations (Armenians, Arabs, Jews, and Turks). Adult-onset FMF seems to be genetically related to heterozygosity and low-penetrance mutations, although these patients often experience a milder disease course, with clinical features similar to those found in younger patients, except for a lower rate of arthritis and erysipelas-like rash \[[@B11]\]. Diagnosis of FMF relies on the Tel Hashomer clinical criteria, based on recurrent episodes of fever and serosal inflammation (manifested by nonspecific signs, such as sterile peritonitis and/or pleurisy) and clinical efficacy of daily oral administration of colchicine \[[@B12]\]. However, oligosymptomatic adult-onset patients may not fulfill diagnostic criteria, and in these cases genetic testing is useful in making a definite diagnosis \[[@B13], [@B14]\]. Genetic diagnosis of FMF can be certified if two mutations are identified on both of a patient\'s chromosomes, but many patients may have only one mutation or do not display any mutation at all. Given the high carrier frequency of*MEFV* mutations and the lower-than-expected prevalence of the disease, it seems possible that other alleles could modify inflammatory signals initiated by mutant pyrin. Thus, FMF may not be a simple monogenic inflammatory disease, and the FMF phenotype may occur in patients with only one*MEFV* mutation in the presence of other permissive alleles or environmental factors; genome-wide association studies might help confirming the polygenic influences on the clinical expression of FMF \[[@B15], [@B16]\]. Occasional reports of autosomal dominant FMF have also been associated with the compound pyrin variant E148Q/M694I encoded on a single allele (revealed in independent Indian and Turkish kindreds) and heterozygosity for the simple deletion mutation encoding pyrin ΔM694 (in three unrelated British families) \[[@B17]\]. Standard therapy for the prevention of acute FMF attacks and also FMF-related amyloidosis is colchicine \[[@B18]\]; febrile attacks are generally prevented by colchicine administration in most patients \[[@B19], [@B20]\]. Valid therapeutic alternatives are anti-IL-1 agents in unresponder or noncompliant patients \[[@B21], [@B22]\].

*Mevalonate kinase deficiency syndrome* (MKD) usually starts in the first year of life and is characterized by lifelong recurrent fever episodes, typically ranging from 3 to 7 days \[[@B23]\]. The most frequent symptoms reported during febrile attacks, sometimes precipitated by vaccination, infections, emotional stress, trauma, or surgery, are abdominal pain, diarrhea, vomiting, arthralgia, lymphadenopathy, heterogeneous skin lesions, and aphthous ulcers \[[@B24]\]. The disease is caused by different*MVK*mutations, which elicit clinical signs ranging from the milder hyperimmunoglobulinemia-D syndrome (HIDS) to its most severe expression, named "mevalonic aciduria." However, autoinflammatory attacks in HIDS can even be complicated by macrophage activation syndrome \[[@B25]\]. Another recently-reported potential complication of MKD is retinitis pigmentosa, characterized by night blindness and peripheral vision loss, which can occur as a result of specific*MVK* mutations with mild systemic symptoms \[[@B26]\]. Using genome-wide exon sequencing technologies Zhang et al. have also found*MVK* mutations in patients with disseminated superficial actinic porokeratosis, a severe rare chronic cutaneous disorder with high genetic heterogeneity, which causes hyperkeratosis and noncontagious dry itchy lesions worsened by sun exposure; mevalonate might have a role in regulating calcium-induced keratinocyte differentiation and protecting keratinocytes from apoptosis induced by ultraviolet radiations \[[@B27]\]. As regards diagnosis of MKD, patients might display increased serum IgD concentrations in every period of life, both febrile and interfebrile, while urinary concentration of mevalonic acid is increased only during febrile flares. Genetic testing remains essential for a definite confirmation \[[@B28], [@B29]\]. To date, no single therapy has been found to be effective in the totality of MKD patients \[[@B21]\]. Most of them use nonsteroidal anti-inflammatory drugs during febrile attacks, showing only limited benefit \[[@B30]\]. Based on the pathophysiology of MKD, statins were thought to be useful although they resulted ineffective in the majority of cases \[[@B24], [@B30]\]. Many patients get better with corticosteroids, especially when given in high doses at the beginning of an attack \[[@B24]\]. However, when recurrent inflammatory attacks are very close, chronic high dose corticosteroid administration might lead to multiple side effects, such as early-onset osteoporosis. In these cases, anti-TNF-*α* and anti-IL-1 agents are reasonable therapeutic alternatives, though with variable results, confirming the complex and still unraveled cytokine dysregulation in MKD \[[@B21]\]. Noteworthy, the nitrogen-containing bisphosphonate alendronate has been reported to bring about an unexpected remission of all symptoms and laboratory abnormalities in a MKD patient \[[@B31]\].

*Tumor necrosis factor receptor-associated periodic syndrome* (TRAPS) is the most protean entity among HPFs in terms of age of disease onset, frequency, length, and severity of inflammatory attacks. Clinical features of TRAPS include prolonged recurrent fever episodes with periorbital edema, migratory erythematous plaques with underlying myalgia, arthralgia, and serous membranes inflammation; pericardial involvement has been also reported as the only manifestation of TRAPS, mimicking autoimmune disorders \[[@B32]--[@B43]\]. Although recurrent pericarditis is the most frequent cardiovascular manifestation, TRAPS mutations seem also to be responsible for early-onset atherosclerosis, thrombosis, and acute myocardial infarction \[[@B44], [@B45]\]. TRAPS heterogeneity is probably linked to the wide spectrum of*TNFRSF1A* mutations \[[@B46]\], affecting the interaction between TNF and its two transmembrane receptors (TNFR), characterized by four cysteine-rich extracellular domains, in a wide range of cell types. In physiological circumstances, TNFR extracellular domains can be cleaved, generating soluble receptor fragments that may function as natural TNF-antagonists. The majority of*TNFRSFA1* mutations affect the extracellular domain of TNFR, leading to changes in the three-dimensional structure of the ectodomains or alterations in ligand-independent TNFR assembly, with accumulation of the mutated receptors in the endoplasmic reticulum, final activation of proinflammatory signals, and prolonged survival of the activated inflammatory cells. Altered receptor cleavage (the "shedding hypothesis") was evaluated initially to be a key-process in TRAPS, but this has not been demonstrated in many causing-disease*TNFRSF1A* mutations. In particular, R92Q is considered to be a low-penetrance mutation leading to later disease presentation, shorter-lasting febrile episodes, less frequent occurrence of rash and abdominal pain, and even potential spontaneous resolution. Genome-wide association studies have also identified the R92Q mutation as a genetic risk factor for multiple sclerosis and a susceptibility locus for vascular thrombosis in Behçet\'s disease, atherosclerosis, and other inflammatory phenomena \[[@B47], [@B48]\].

The average age of TRAPS onset is around 3 years; however, adult onset of TRAPS, up to the sixtieth decade, has been described as well and related to low-penetrance mutations. Patients with adult-onset TRAPS may be characterized by a phenotype that also mimics FMF in the duration of inflammatory attacks, that is, less than 1 week \[[@B32]\]. Diagnosis of TRAPS relies both on a compatible clinical phenotype and identification of a*TNFRSF1A* mutation \[[@B29]\]. Results of treatment are highly variable in TRAPS; a few patients gain some symptomatic relief from high-dose nonsteroidal anti-inflammatory drugs, while colchicine and different immunomodulators such as cyclosporine and thalidomide produce poor benefit \[[@B49]\]. Inflammatory attacks are often responsive to corticosteroid administration, but patients may become prone to metasteroidal comorbidities \[[@B50]\]. Furthermore, corticosteroids do not seem to provide complete protection from the risk of developing reactive amyloidosis \[[@B51]\]. Etanercept has been proven to induce a good disease control, although in some cases it gradually loses efficacy \[[@B45], [@B52]--[@B54]\]. Noteworthy, infliximab and adalimumab may paradoxically induce a typical acute inflammatory attack in TRAPS patients for reasons only partially understood \[[@B54], [@B55]\]. On the contrary, anti-IL-1 agents are reasonable treatment options in order to prevent disease relapses both in the short- and long-term \[[@B21], [@B22], [@B56]\].

*Cryopyrin-associated periodic syndrome* (CAPS) includes a spectrum of apparently distinct inflammatory disorders of increasing severity: FCAS, MWS, and CINCAs, all caused by*NLRP3* mutations, though the molecular basis for this distinction is still not well-understood \[[@B4], [@B29], [@B36]\]. FCAS is characterized by fever, urticaria-like rash, fatigue, arthralgia, myalgia, headache, and conjunctivitis, which usually appear after exposure to cold \[[@B57]\]. In addition to the clinical features seen in FCAS, MWS is also characterized by sensorineural hearing loss. As regards CINCAs, also called "neonatal onset multisystem inflammatory disease," this is the most severe CAPS phenotype, characterized by diffuse subcontinuous neutrophilic urticaria-like erythema without pruritus occurring within a few days after birth, distinctive arthropathy with knee and patella deformity, chronic aseptic meningitis combined with ocular involvement (in terms of conjunctivitis, uveitis, retinopathy, and optic nerve atrophy, potentially causing blindness), bilateral sensorineural hearing loss, and progressive mental retardation \[[@B58]\]. [Figure 1](#fig1){ref-type="fig"} shows typical CINCAs osteoarthropathy in a 12-years old boy. The extent of organ damage and permanent disability varies considerably among patients with FCAS, MWS, and CINCAs. Although CAPS are regularly marked by onset of symptoms during early infancy or childhood \[[@B59], [@B60]\], a case series of patients presenting with adult onset FCAS-like symptoms and carrying the low-penetrance Q703K mutation in the*NLRP3* gene has recently been described \[[@B61]\]. Consistent with CAPS pathogenesis, linked to the constitutively increased inflammasome activity and chronic oversecretion of IL-1*β*, lifelong treatment with IL-1 blocking therapies is the most logical option to control organ disease and damage; different strategies to block IL-1 have been used in clinical trials, all characterized by dramatic success in bringing down episodes of fever, urticaria-like rash, joint pain, and elevations in acute-phase reactants. Stabilization of the central nervous system inflammation with IL-1 antagonists has been sustained after several years of treatment even in CINCA patients \[[@B62], [@B63]\], and IL-1 blocking therapies have also permitted to prevent long-term development of systemic amyloidosis \[[@B21], [@B22]\]. The severity gradient of clinical signs from FCAS to CINCAs may be a consequence of the amount of IL-1 production, which could also explain the substantially higher doses of IL-1 blocking therapy needed to control inflammation in patients with CINCAs. About 30 to 50% of patients who present CAPS clinical picture, responding impressively to IL-1 blocking agents, are negative for any mutations in the*NLRP3* gene. Recent reports have shown the presence of somatic mosaicism in circulating leukocytes and epithelial cells of such "mutation-negative" patients; the extent to which mosaicism in mutation-negative cases can account for CAPS phenotype is a lively field of investigation \[[@B64]\].

Key-points and discriminating factors suggesting the diagnosis of specific HPFs included in systemic autoinflammatory diseases (SAIDs) are listed as follows: self-limited febrile attacks with localized symptoms (abdominal or thoracic pain, joint pain, rash, migratory muscular involvement, and periorbital edema); recurrent serositis; family history of similar attacks in horizontal or vertical distribution; peculiar ethnic origin; response to colchicine or corticosteroids; positive genetic test.Although HPFs are the best-known clinical entities among SAIDs, in recent years numerous other less-known and still rarely identified disorders have been included in this emerging chapter of medicine. [Figure 2](#fig2){ref-type="fig"} shows a schematic representation of the main pathophysiologic mechanisms involved in the less frequently diagnosed SAIDs, revealing that mutated proteins cooperate in the regulation of the inflammasome activity, activating a proinflammatory cascade with IL-1*β* and TNF-*α* as prominent cytokines.

3. *NLRP12*-Associated Autoinflammatory Disorder {#sec3}
================================================

*NLRP12*-associated autoinflammatory disorder (NLRP12-AD) is a rare autosomal-dominant condition, firstly observed in two families originating from Guadeloupe, who presented a nonsense mutation in the*NLRP12*gene, situated at the locus 19q13.4, encoding the monarch-1 protein, which is mainly expressed in monocytes and is involved in the activation of NF-*κ*B protein complex via canonical and noncanonical pathways \[[@B65], [@B66]\]. Disease onset usually occurs in the first year of life with recurrent high fevers and other inflammatory symptoms, mostly evoked by exposure to cold: urticaria-like skin rash, polyarthritis or arthralgia, myalgia, and headache. [Figure 3](#fig3){ref-type="fig"} represents an example of cold induced urticaria-like rash in a patient affected with NLRP12-AD. Currently, NLRP12-AD treatment is empirical and based on the severity of clinical manifestations. Corticosteroids and antihistamines during wintertime may bring about a good clinical response in the less severe cases; in addition, satisfactory therapeutic effects have been obtained with nonsteroidal anti-inflammatory drugs \[[@B67], [@B68]\]. It should be also noted that in a recent study two NLRP12-AD patients underwent anakinra treatment with only initial clinical improvement \[[@B69]\]. Based on this evidence, it was deduced that other proinflammatory cytokines, such as TNF-*α* and IL-6, could have a pathogenic role, suggesting the use of anti-TNF-*α* and anti-IL-6 drugs as potential alternative treatments \[[@B22]\].

4. Blau Syndrome {#sec4}
================

Blau syndrome (BS), first reported in 1985 as "juvenile systemic granulomatosis," is a rare autosomal-dominant disease caused by*NOD2/CARD15* gene mutations; the gene was individuated in 2001 on the locus 16q12.1-13, which also contains the genetic susceptibility region for Crohn\'s disease and early-onset sarcoidosis (EOS) \[[@B70], [@B71]\], and codifies for NOD2, a sensor of bacterial antigens which induces NF-*κ*B activation \[[@B72]\]. Originally, BS was considered a separate entity from EOS, but it has been demonstrated that many individuals with EOS also present*NOD2/CARD15* mutations. For this reason, researchers have proposed distinguishing the familiar form, definitely named BS, from sporadic forms, which are called EOS \[[@B73], [@B74]\]. The disease can be observed in Caucasians and also in Asians and Afro-Americans \[[@B75]\]; in most patients the onset is around the 3rd-4th year of age with joint and skin granulomatous inflammatory signs; eye involvement usually develops later, between ages 7 and 12 \[[@B76]--[@B81]\]. Symmetrical polyarthritis with effusion in the little joints is the most common manifestation, frequently leading to finger deformities and ankylosis \[[@B82], [@B83]\]. More than 90% of patients have variable skin rashes, although ichthyosis-like changes are the most commonly observed \[[@B77]\]. Eye involvement, generally in the form of recurrent panuveitis, and often evolving towards chorioretinitis, glaucoma, and cataract, is the most significant danger in BS \[[@B84]--[@B86]\]. Moreover, the disease can also be revealed by granulomatous inflammatory processes affecting kidneys, liver, heart, and brain \[[@B87]--[@B90]\]. The presence of nonnecrotizing granulomas on synovial or skin biopsy should require the individuation of*NOD2/CARD15* mutations. Treatment of BS remains controversial; the prolonged administration of corticosteroids and immunosuppressant agents (methotrexate and cyclosporine) has led to variable results. Eye involvement usually responds adequately to low-dose corticosteroids during nonacute periods, while higher doses are required in acute attacks \[[@B84]\]. Biological agents such as infliximab or anakinra may be additional therapeutic choices, although in vitro studies seem to demonstrate that BS is not associated with IL-1 oversecretion \[[@B80], [@B91]\]. It is also interesting to note that a pilot study conducted on two patients with the sporadic form of EOS/BS showed that thalidomide mitigated granulomatous inflammation through a specific interference with differentiation of monocytes and inhibition of NF-*κ*B \[[@B92]\].

5. Pigmentary Hypertrichosis and Nonautoimmune Insulin-Dependent Diabetes Mellitus Syndrome {#sec5}
===========================================================================================

This syndrome (named also PHID syndrome) is an autosomal-recessive autoinflammatory disorder due to mutations in the*SLC29A3* gene, which codifies the human equilibrative nucleoside transporter-3 (hENT3), regulating apoptosis and macrophage recruitment \[[@B93]\]. Several studies have demonstrated that PHID inflammatory response is related to NF-*κ*B activation and cytokine overproduction. The clinical onset is in early childhood with pigmented skin lesions, hypertrichosis, and insulin-dependent diabetes mellitus without any autoantibodies. Other symptoms may include short stature, delayed puberty, and exocrine pancreatic insufficiency \[[@B95], [@B96]\]. Recently, PHID syndrome has also been associated with lipodystrophy, abnormal distribution of perivisceral fat, scleroderma-like skin modifications, and cardiomyopathy resulting from chronic inflammation, resistant to anti-TNF-*α* and anti-IL-1 therapy \[[@B95]\]. In regard to treatment, adalimumab and anakinra have produced little benefit in controlling systemic inflammation of PHID syndrome, while new therapeutic horizons might derive from the use of agents acting directly against macrophages, such as etoposide \[[@B96]\].

6. Proteasome-Associated Disorders {#sec6}
==================================

The ubiquitin-proteasome system participates in the qualitative control and degradation of different proteins, also playing an active role in cell cycle regulation, DNA repair, and signal transduction mechanisms \[[@B97], [@B98]\]. A dysregulated proteolytic activity in the proteasome is associated with numerous syndromes, sharing different features of SAIDs \[[@B99]\]. In particular, mutations in the*PSMB8* gene, located at the locus 6p21 and codifying the inducible subunit *β* type-8 (PSMB8) of the proteasome, have been identified as the cause of Nakajo-Nishimura syndrome \[[@B100]--[@B102]\], recently redefined as "Japanese autoinflammatory syndrome with lipodystrophy" \[[@B103]\] and known in Western countries as "joint contractures, muscle atrophy, and panniculitis-induced lipodystrophy syndrome" (or JMP) \[[@B104], [@B105]\]. This group of disorders also includes CANDLE, standing for "chronic atypical neutrophilic dermatitis with lipodystrophy and elevated temperature," syndrome \[[@B106]--[@B108]\].

*Nakajo-Nishimura syndrome* (NNS) is a very rare disorder starting in infancy with pernio-like rashes during the first cold months, gradually evolving into lipodystrophy mainly in the face and upper extremities and remittent fevers, firstly described in 1939 in Japan \[[@B100], [@B101], [@B109]\]; a distinct homozygous*PSMB8* mutation encoding the proteasome *β*5i subunit has been identified as its genetic cause, leading to reduced proteolytic activity and accumulation of ubiquitin proteins. The presence of long clubbed fingers and hypertrophic periostosis are other common NNS features. As regards treatment, skin lesions regress with high-dose corticosteroids but tend to reappear when they are tapered. The use of corticosteroids has no effect, however, on lipodystrophy, and even worsens central obesity, while biological agents, such as anti-TNF-*α* and anti-IL-1*β*, might be working alternatives \[[@B110]\]. Although NNS has been assumed to be found exclusively in Japan, a similar syndrome related to*PSMB8* mutations has been reported from foreign countries and named JMP \[[@B104], [@B111]\].

*CANDLE syndrome* has been also described as distinct from NNS, though determined by missense mutations of the same*PSMB8* gene and other proteasome-associated genes \[[@B106]\]; it starts during the first year of life with recurrent fevers as high as 42°C, lymphadenopathy, arthralgia, purplish eyelid edema, abnormal growth of lips, and progressive lipodystrophy \[[@B112]\]. Interferon-*γ* is the key-molecule in CANDLE syndrome, and a clinical trial is in progress to test the use of baricitinib, Janus kinase JAK1 and JAK2 inhibitor, to deregulate interferon production and allow corticosteroid dose reduction \[[@B113]\].

7. Pyogenic Autoinflammatory Diseases {#sec7}
=====================================

SAIDs presenting with nonbacterial pyogenic manifestations include pyogenic arthritis, pyoderma gangrenosum and acne (PAPA) syndrome, deficiency of the IL-1-receptor antagonist, deficiency of the IL-36 receptor antagonist, Majeed syndrome, and chronic recurrent multifocal osteomyelitis.

*PAPA syndrome* (PAPAs) is an autosomal-dominant condition caused by mutations in the*PSTPIP1* gene, situated at the locus 15q24-q25.1, which codifies the CD2-binding protein 1 (CD2BP1), enclosed in the pyrin-mediated inflammatory pathway \[[@B114]\]. In the case of a*PSTPIP1* mutation, the CD2BP1-pyrin link is facilitated; hence, the percentage of CD2BP1 binding to pyrin is higher, determining a proinflammatory state \[[@B115]\]. PAPAs starts in the first or second decade and is characterized by sterile pyogenic pauciarticular arthritis, cystic acne, ulcerative lesions occurring on the lower extremities, and pyogenic abscesses at the injection sites; cultures from the synovial liquid and skin lesions are characteristically negative \[[@B116]\]. Corticosteroid therapy brings about inconstant success, while anti-TNF-*α* (etanercept, infliximab) and anti-IL-1 (anakinra) agents usually give positive results in corticosteroid-resistant patients \[[@B117]--[@B119]\]. Recently, two patients have been described with manifestations similar to PAPA syndrome but without joint involvement; in both cases, there was also the presence of hidradenitis suppurativa in the armpits. Although these patients did not bear any*PSTPIP1* mutations, they presented CCTG microsatellites repetitions in the promoter region of the*PSTPIP1* gene; this condition, characterized by the triad of pyoderma gangrenosum, acne, and hidradenitis suppurativa, has been distinguished from the "classic" PAPAs and identified with the acronym PASH (pyoderma gangrenosum, acne, and suppurativa hidradenitis) syndrome \[[@B120]\].

*Deficiency of the IL-1-receptor antagonist* (DIRA) is an autosomal-recessive disorder secondary to homozygous missense and nonsense loss-of-function mutations in the*IL1RN* gene, located on the long arm of chromosome 2, which codifies the IL-1 receptor antagonist \[[@B121]\], physiologically antagonizing the effect of the proinflammatory cytokines IL-1*α* and IL-1*β*. Aksentijevich et al. identified*IL1RN* mutations in 9 individuals, all displaying an abnormal function of the IL-1 receptor antagonist protein and leading to uninhibited signaling of IL-1 \[[@B122]\]. This condition starts at birth and is characterized by multifocal osteomyelitis, periostitis with heterotopic nuclei of ossification, pustular, and/or ichthyosis skin lesions. Patients with DIRA respond only partially to high-dose corticosteroids, while anti-IL-1 treatment with anakinra appears the most obvious and effective therapy, which gives rapid and prolonged clinical remission \[[@B123]\].

A recently reported disease has been named with the acronym DITRA, standing for*deficiency of the IL-36 receptor antagonist*, as it depends on mutations in the*IL36R* gene, located on chromosome 2, which encodes the IL-36 receptor antagonist, predominantly expressed in keratinocytes but not in fibroblasts and endothelial cells, having the role of inhibiting the activation of NF-*κ*B \[[@B124]\]. Clinical manifestations, occasionally triggered by viral or bacterial infections, as pustulous skin lesions, high fever (until 40--42°C), arthralgia, glossitis with "geographic tongue," and asthenia, arise during infancy \[[@B125]\]. To date, there are no consolidated therapies for the cure of this pathology; however, acitretin, an oral retinoid usually used for psoriasis and hidradenitis suppurativa, has been effective in most patients, while corticosteroids, methotrexate, cyclosporine, or anakinra can give diverse results in terms of efficacy \[[@B126]\].

*Majeed syndrome* is a rare autosomal recessive clinical entity, first identified in 1989, caused by mutations in the*LPIN2* gene, localized on the short arm of chromosome 18, which codifies the lipin-2 protein, expressed in liver, kidney, gastrointestinal tract, lymphatic tissue, and bone marrow \[[@B127]\]. Lipin-2 regulates proinflammatory signals determined by saturated fatty acids, and its mutated variant leads to chronic recurrent multifocal osteomyelitis, congenital dyserythropoietic anemia, and neutrophilic dermatosis, usually around the second year of life \[[@B128], [@B129]\]. Skin lesions start with erythematosus papules and well-defined painful plaques all over the body, often resembling Sweet\'s syndrome or psoriasis. Considering the rarity of the syndrome, treatment is still empirical, nonsteroidal anti-inflammatory drugs may be useful, while corticosteroids can be used for short periods to control both osteomyelitis and skin signs. Recently, some authors have described a significant radiological improvement after administration of anakinra and canakinumab in Majeed syndrome, while the lack of response to anti-TNF-*α* agents (etanercept) in these same patients suggests the presence of yet-to-be-clarified pathogenetic mechanisms \[[@B130]\].

*Chronic recurrent multifocal osteomyelitis* encompasses a group of disorders under the acronym "CRMO" described for the first time by Giedion et al. in 1972 \[[@B131]\], and manifesting with autoinflammatory attacks predominantly affecting the metaphysis and epiphysis of long bones, each attack is characterized by severe bone pain, increased osteoclastic activity, and bone remodeling \[[@B132]\]. The average onset age is around 10 years, and females are more frequently affected than males. The sites most often involved are shinbones, followed by pelvis, proximal femora, clavicles, and heels \[[@B133]\]. Permanent physical invalidity, bone deformities, or limb dysmetria might result from untreated or overlooked CRMO. Different bone pathologies require a strict differential diagnosis, such as infections (septic osteomyelitis, typical, and atypical mycobacterial infections), neoplasms (malignant primitive bone tumors, osteoid osteoma, leukemias/lymphomas), metabolic disorders, osteopetrosis, and other SAIDs (as PAPAs). The fact that individuals from the same family may be affected by CRMO suggests a genetic susceptibility to the disease combined with heterogeneous polygenic influences \[[@B134], [@B135]\]. There is no gold-standard treatment for CRMO, which has long been based on nonsteroidal anti-inflammatory drugs, like indomethacin and glucocorticoids, which must be limited to the short-term, especially in adolescents, due to the risk of side effects impacting growth \[[@B136], [@B137]\]. Actually, the most frequently adopted treatment is centred on bisphosphonates. Their efficacy was first reported in 2004 \[[@B138]\] and confirmed by several clinical studies published later \[[@B139]\]. TNF-*α* antagonists have also been employed with good results in the few CRMO patients refractory to bisphosphonates and nonsteroidal anti-inflammatory drugs \[[@B140]\].

8. Conclusive Remarks {#sec8}
=====================

The increasingly accessible genetic investigation techniques currently available have led to and probably will continue to deliver the identification of a greater number of rare genetic diseases belonging to the web of SAIDs. The discovery of new disorders involving the innate immunity system and specifically related to inflammasome dysfunction, accompanied by intensive molecular and clinical research activity, will increase our knowledge in the basic mechanisms of inflammation. In the end, genotype-phenotype correlations will help us in the most proper evaluation of genetic tests on one hand and in the individuation of diagnostic pathways and adequate therapies on the other.

Luca Cantarini received grant/research support from Novartis and SOBI. She is a Novartis and SOBI consultant.

Conflict of Interests
=====================

The authors declare that there is no conflict of interests regarding the publication of this paper.

Authors\' Contribution
======================

Donato Rigante and Giuseppe Lopalco equally contributed to this paper.

![Anteroposterior radiograph performed in a 12-year-old boy with chronic infantile neurological cutaneous and articular (CINCA) syndrome, showing a calcified mass-like region in the physis of the distal femur (see white arrows). Osteoarthropathy of CINCA patients is a unique feature of this condition, caused by abnormal endochondral bone growth, mainly affecting large joints and long bones, beginning in the first infancy and causing striking changes until skeletal maturity.](MI2014-948154.001){#fig1}

![Schematic representation of the main pathophysiologic mechanisms involved in the less frequently diagnosed systemic autoinflammatory diseases. Blau syndrome (BLAU) and*NLRP12*-associated autoinflammatory disorder (NLRP12-AD) are caused by altered nuclear factor-*κ*B (NF-*κ*B) regulation, caused, respectively, by*NOD2* and*NLRP12* gene mutations. Deficiency of the interleukin-1 (IL-1) receptor antagonist (DIRA) and deficiency of interleukin-36 (IL-36) receptor antagonist (DITRA) are linked to mutations of genes coding, respectively, for IL-1 receptor antagonist (*IL-1Ra*) and IL-36 receptor antagonist (*IL-36Ra*). These mutations lead to the loss of IL-1*β* and IL-36 natural inhibition, resulting in uncontrolled proinflammatory responses. PAPA syndrome (PAPAs) is associated with increased IL-1*β* processing and secretion, as a consequence of proline-serine-threonine phosphatase-interacting protein 1 (*PSTPIP1*) gene mutations. Proteasome-associated diseases (PAD) are caused by mutations in the proteasome subunit beta type 8 (PSMB8), which lead to the accumulation of ubiquitinated proteins (Ub-proteins) and in turn to p38 phosphorylation, resulting in enhanced proinflammatory responses.](MI2014-948154.002){#fig2}

![Cold-induced skin rash in a young patient with*NLRP12*-associated autoinflammatory disorder.](MI2014-948154.003){#fig3}
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Brief summary of clinical features of systemic autoinflammatory diseases.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Disease     Gene locus                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Protein                                                Inheritance                                                                                                                                              Clinical features                                                                                                                                                                                                                   Treatment
  ----------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------
  FMF         *MEFV* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Pyrin (marenostrin)                                    AR                                                                                                                                                       Fever, serositis, arthralgias or arthritides, erysipelas-like eruption on the legs, and systemic amyloidosis in untreated or noncompliant patients                                                                                  Colchicine, anakinra, and canakinumab
              16p13.3                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     

  MKD         *MVK* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Mevalonate kinase                                      AR                                                                                                                                                       Fever, polymorphous rash, arthralgias, abdominal pain, diarrhea, lymph node enlargement, splenomegaly, and aphthosis                                                                                                                NSAIDs, corticosteroids, anakinra, and anti-TNF-*α* agents
              12q24                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  TRAPS       *TNFRSF1A* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Tumor necrosis factor receptor 1                       AD                                                                                                                                                       Fever, migratory muscle and joint involvement, conjunctivitis, periorbital edema, arthralgias or arthritis, serosal involvement, corticosteroid responsiveness of inflammatory attacks, and risk of amyloidosis                     Corticosteroids, etanercept, and anakinra
              12p13                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  FCAS        *NLRP3* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Cryopyrin                                              AD                                                                                                                                                       Fever, cold-induced urticaria-like rash, conjunctivitis, and arthralgias                                                                                                                                                            Anakinra, rilonacept, and canakinumab
              1q44                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  MWS         Fever, urticaria-like rash, conjunctivitis and episcleritis, arthralgias, neurosensorial deafness, and amyloidosis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  CINCAs      Subcontinuous fever, early-onset urticaria-like rash, clubbing, corneal clouding, anterior or posterior uveitis, papilledema, retinopathy with scarring, optic nerve atrophy, aseptic chronic meningitis, increased intracranial pressure, inner ear inflammation with neurosensorial deafness, deforming osteoarthritis involving large joints, bony overgrowth, joint contractures, severe growth retardation with facial dysmorphic features (frontal bossing and flattening of the nasal bridge), and amyloidosis                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  NLRP12-AD   *NLRP12* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              Monarch-1                                              AD                                                                                                                                                       Fever, arthralgia, cold-induced urticaria-like rash, abdominal complaint, and risk of sensorineural deafness                                                                                                                        Antihistamines, NSAIDs, anakinra, anti-TNF-*α* agents, and IL-6 receptor antagonists
              19q13                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  BLAUs       *NOD2* (*CARD15*)  \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    NOD2                                                   AD                                                                                                                                                       Granulomatous dermatitis with ichthyosis-like changes, symmetrical granulomatous polyarthritis, recurrent granulomatous panuveitis, risk of cranial neuropathies, and intermittent fever                                            Corticosteroids, immunosuppressive agents, anti-TNF-*α*\
              16q12.1-13                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  agents, and thalidomide

  PHIDs       *SLC29A3* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             hENT3                                                  AR                                                                                                                                                       Fever, pigmented skin lesions, hypertrichosis, insulin-dependent diabetes mellitus, pancreatic insufficiency, cardiomyopathy, lipodystrophy, scleroderma-like lesions, short stature, and delayed puberty                           Etoposide?
              10q22                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  NNS         *PSMB8* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Inducible \                                            AR                                                                                                                                                       Fever, long clubbed fingers and toes with joint contractures, lipomuscular atrophy, pernio-like rash in hands and feet, heliotrope rash on the eyelids, nodular skin lesions, basal ganglia calcification, and hepatosplenomegaly   Corticosteroids, anti-TNF-*α* agents, and anti-IL-1 agents
              6p21                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    subunit *β* of the proteasome                                                                                                                                                                                                                                                                                                                                                                                                                       

  CANDLEs     Recurrent fever, arthralgia, purplish skin lesions, abnormal growth of lips, lipodystrophy, hypertrichosis, acanthosis nigricans, alopecia areata, nodular episcleritis, conjunctivitis, chondritis of the nose and ear, aseptic meningitis, and basal ganglia calcification                                                                                                                                                                                                                                            Corticosteroids, anti-TNF-*α* agents, IL-6 receptor\                                                                                                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      antagonists, and baricitinib                                                                                                                                                                                                                                                                                                                                                                                                                        

  PAPAs       *PSTPIP1* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             CD2BP1                                                 AD                                                                                                                                                       Pauciarticular pyogenic arthritis, osteocartilaginous erosions of joints, cystic acne, ulcerative lesions of lower limb extremities, and pyogenic abscesses                                                                         Corticosteroids, etancercept, infliximab, and anakinra
              15q24-q25.1                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  DIRA        *IL1RN* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               IL-1 receptor antagonist                               AR                                                                                                                                                       Neonatal multifocal osteomyelitis, periostitis with osteolytic lesions, pustulous, and ichthyosis skin rash                                                                                                                         Anakinra and corticosteroids
              2q14.2                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  DITRA       *IL36R* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               IL-36 receptor antagonist                              AR                                                                                                                                                       Fever, pustulous skin lesions on the palms and soles, glossitis, arthritis, severe bone pain, and asthenia                                                                                                                          Corticosteroids, methotrexate, cyclosporine, anakinra, and acitretin
              2q14                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  MAJEEDs     *LPIN2* \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Lipin-2                                                AR                                                                                                                                                       Recurrent multifocal osteomyelitis, congenital dyserythropoietic anemia, neutrophilic dermatosis with palmoplantar pustulosis, or pyoderma gangrenosum                                                                              NSAIDs, corticosteroids, anakinra, and canakinumab
              18p11.31                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  CRMO        Unknown, presumably \                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Currently\                                             Osteomyelitis, bone pain with localized osteolysis, potential association with Sweet\'s syndrome, acne, or inflammatory bowel disease, recurrent fever   NSAIDs, corticosteroids, bisphosphonates (pamidronate, neridronate), and anti-TNF-*α* agents (infliximab)                                                                                                                           
              polygenetic trait                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       unknown                                                                                                                                                                                                                                                                                                                                                                                                                                             
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AD: autosomal dominant; AR: autosomal recessive; BLAUs: Blau syndrome; CANDLEs: chronic atypical neutrophilic dermatosis with lipodystrophy and elevated temperature; CINCAs: chronic infantile neurologic cutaneous articular syndrome; CRMO: chronic recurrent multifocal osteomyelitis; DIRA: deficiency of the interleukin-1-receptor antagonist; DITRA: deficiency of the IL-36 receptor antagonist; FCAS: familial cold autoinflammatory syndrome; FMF: familial Mediterranean fever; MAJEEDs: Majeed syndrome; MKD: mevalonate kinase deficiency syndrome; MWS: Muckle-Wells syndrome; NLRP12-AD: *NLRP12*-associated autoinflammatory disorder; NNS: Nakajo-Nishimura syndrome; NSAIDs: nonsteroidal anti-inflammatory drugs; PAPAs: pyogenic arthritis, pyoderma gangrenosum, and acne syndrome; PHIDs: pigmentary hypertrichosis and nonautoimmune insulin-dependent diabetes mellitus syndrome; TRAPS: tumor necrosis factor receptor-associated periodic syndrome.

###### 

Main clues useful for differential diagnosis of hereditary periodic fever syndromes.

                               Familial Mediterranean fever                        Mevalonate kinase deficiency syndrome                                                          Tumor necrosis factor receptor-associated periodic syndrome                            Cryopyrin-associated periodic syndrome
  ---------------------------- --------------------------------------------------- ---------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------
  Onset                        Childhood or adolescence                            Infancy (first year of life)                                                                   3--20 years                                                                            Neonatal period-childhood
  Usual ethnicity              Armenian, nonsephardic Jews, Arab, Turkish people   Dutch and other Northern European populations                                                  Firstly recognized in Northern European (Ireland and Scotland) people; any ethnicity   Panethnic
  Fever duration               1--4 days                                           3--7 days                                                                                      1 or even 3-4 weeks, usually responding to corticosteroids                             Subcontinuous/variable with circadian periodism and intermittent flares
  Abdominal distress           Very common (in the form of sterile peritonitis)    Very common (abdominal pain, vomiting, diarrhea)                                               Common (abdominal pain, diarrhea, constipation)                                        Uncommon
  Chest involvement            Pleurisy, often unilateral                          Infrequent                                                                                     Pleuritis                                                                              Absent
  Skin involvement             Erysipelas-like rash on feet/ankles                 Polymorphic rash, erythema elevatum diutinum, disseminated superficial actinic porokeratosis   Painful migratory eruption, edematous plaques                                          Neutrophilic urticaria-like skin eruption of variable severity and extension (either induced by cold exposure or constant)
  Osteoarticular involvement   Arthralgias or arthritides                          Arthralgias                                                                                    Migratory arthralgias, nonerosive arthritides                                          Arthralgias of variable severity, deforming osteoarthritis involving large joints and contiguous bones (in CINCA syndrome)
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